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Abstract 

Neuronal blosensors based on the use of crayfish Procambanu clarku walkmg legs are reported for the first time 
and posstble analytlcal apphcatlons are explored The neuronal blosensor IS shown to respond selectively to the 
antitubercular drug and potent food marker, pyrazmamlde The sensor IS characterized wth respect to selectlvlty, 
dose-response relatlonshlp, reproduciblhty and operating hfetlme The detectlon of local anesthetlcs IS accomphshed 
by momtormg the decrease m pyrazmamlde-Induced nerve firmg m the crayfish walkmg leg This decrease IS a result 
of the local anesthetlc block of the axonal sodmm channels m the nerves Apphcablllty of this novel procedure to 
analytical measurements IS demonstrated by the construction of dose.-response curves for several local anesthetics 
Problems associated ~th the current sensor configuratlon are presented and future research directions that may 
improve the neuronal-based blosensor are dlscussed 
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In recent years researchers have recogmsed 
the analytical apphcablhty of the umque bmdmg 
properties of neuronal receptors Recent ad- 
vances usmg isolated neuronal receptors, such as 
the mcotuuc acetylchohne receptor (nAchR), m- 
elude non-lsotoplc bmdmg assays and the devel- 
opment of receptor-based blosensors Blosensors 
have been designed using the nAchR that detect 
hgand bmdmg as a change m capacitance [l], 
impedance [2] or fluorescence [3,4] The dlfflcul- 
ties associated with the lsolatlon, purlflcatlon, 
mxnoblhzatlon and stablhzatlon of these recep- 
tors, however, has led to the mvestlgatlon of 
mtact receptors for blosensmg apphcatlons A 
neuronal blosensor has been reported which utl- 
hzes the visceral ganglia of the pond snail for the 
detection of the neurotransmltter serotonm [5] 

Correspondence fo G A Rechmtz, Hawau Blosensor Labora- 
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Our approach has been to use intact chemore- 
ceptor structures from the decapod crustacea for 
the detectlon of receptor stunulants This ap- 
proach allows the sensmg cells to remam m their, 
presumably optlmlzed, native environment The 
chemoreceptors function by convertmg bmdmg 
energy mto electrical impulses (actlon potential 
spikes) that can be recorded by conventional elec- 
trophyslologlcal mlcroelectrode techniques Our 
earher papers reported the apphcatlon of anten- 
nules from the blue crab Callmectus saprdus to 
neuronal blosensmg [6-81 All of our studies with 
the antennular chemoreceptor-based blosensors 
have recently been reviewed [9,10] These studies 
demonstrated the extreme sensttlvlty, high selec- 
tlvlty and broad response range that could be 
achieved using this approach Recently we re- 
ported the use of antennules from the freshwater 
crayfish Procambanrs clarkrz for the selective de- 
tectlon of the antltubercular drug pyrazrnamlde 
[ll] The freshwater crayfish offers better thermal 
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and time stabdlty than the salt water crabs used 
m previous studies thus leading to longer viable 
sensor lifetimes and obviating the need for rigid 
control of the temperature 

Electophyslologlcal mvestlgatlons of the pyn- 
dme receptors located m the walkmg leg of the 
crayfish Austropotamobzw torrentturn have shown 
pyrazmanude to be the most effective stunulant 
of action potential fumg among the 79 pyrldme 
analogs tested [12] In this commumcatlon we 
report on the first use of the the crayfish walkmg 
leg for the development of a chemoreceptor-based 
blosensor for the detection of pyrazmamlde This 
paper also reports on a novel use of the mtact- 
chemoreceptor blosensor for the detection of lo- 
cal anesthetics Local anesthetics (LAS) can be 
detected based on their ability to block the ax- 
onal sodium channel and thus their ability to 
decrease the excltablhty of nerve upon stlmula- 
tlon with the potent stunulant pyrazmamlde 

Electrophyslologlcal and behavioral studies 
have revealed the presence of chemoreceptors on 
the antennules and both first and second walkmg 
leg (perelopod) of the crayfish [13] Crayfish 
perelopods are comprised of a two part protopod, 
the coxa and basis The endopod (the walking leg 
lacks an exopod) rises from the protopod and 
consists of five articles lschlum, merus, carpus, 
propodus and dactylus In the first and second 
perelopod the propopodlte and dactylopodrte 
form a pincers Chemosensory sensdla (aesthe- 
tascs) are located on the crayfish antennules and 
the first and second perelopods A schematic 
depicting the structure of the crayfish first 
perelopod 1s shown m Fig 1 Morphologlcal m- 
vestlgatlon by Altner et al [141 has shown that 
each sensdlum of the crayfish A torrentzum con- 
sists of eight dendrites, SIX of which are 
chemosensltlve, lying within a central canal The 
pore of the canal 1s plugged with electron dense 
material suggested to be mucopolysaccharldes 
through which all stimulus molecules must diffuse 
to reach the dendrites The physiology of 
chemoreceptlon has been presented m detail pre- 
vlously [6-ll] and will not be discussed further 
here 

The structure and pK, of the LAs mvestlgated 
m this report are depicted m Fig 2 Extensive 

I I lschwm 

-n 
Merus 

Fig 1 SchematIc diagram of the structure of the crayfish first 
penopod 

electrophyslolo@cal studies have shown that the 
mode of action of the LAS 1s to block the 
voltage-dependent sodium channel m nerve 
membranes resulting m a depression m the ex- 
crtablhty of the nerve fibers [15] Several mecha- 
nisms have been proposed to describe the action 
of the LAs The simplest of these, the one-site 
model, proposes that both charged and un- 
charged LAs bmd at a single site m the channel, 
leading to channel block A “modulated receptor 
hypothesis” has been proposed by several re- 
searchers [15-171 to account for the use-depen- 
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Fig 2 The structure and pK, of the local anesthetlcs mvesti- 
gated m thrs report 
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dent blockmg properties and the wide variety m 
the potency and duration of action of the LAS 
This model postulates that each channel state 
(I e , open, resting or mactlvated) can have dlffer- 
ent kmetlcs of Interaction with the L,As The most 
rapld interaction of the L.As 1s for open channel 
block but theu highest affinity IS for inactivated 
forms of the channel Studies have shown the 
molecular size, hpophlhclty and charge of the 
LAS to be important determinants of potency of 
sodmm channel block W-181 

Many methods, mcludmg polarography [19] and 
spectrophotometry [20] have been reported for 

the detection of LAs A recent paper reported 
the use of PVC-coated wire electrodes for the 
potentlometrlc determmatlon of the catlomc 
forms of the LAS 1211 A rapid assay procedure 
for LA actlvlty has been reported based on the 
competltlve mhlbltlon of [3H]batrachotoxmm A 
20a-benzoate bmdmg to voltage-dependent 
sodium channels m a vesicular preparation from 
the guinea pig cerebral cortex [22] A non-lso- 
topic assay procedure for the screening of LA 
actlvlty and the quantltatlve detectlon of LAS IS 
presented m this report This report mtroduces 
the novel application of the intact-chemoreceptor 

Monitor o-0 piscrimlnator 
Onygenated neural I V 

News Fibers 

Cell Mounted on 
Microscope Stage 

1 1 

PhysIological 
Pre-Rmplifler 

Cassette Recorder 

i 

Micmphons For 
EHperlmental 

Dictation 

Computer 

Fig 3 SchematIc of the expenmental set-up used to record the action potential firmg of the newes 
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blosensor for LA detection based on LA blockage 
of axonal sodium channels 

EXPERIMENTAL 

Reagents 
The neural bathing solution and carrier was 

prepared accordmg to a modified Van Harreveld 
formula and consisted of 205 mM NaCl, 5 4 mM 
KCl, 13 5 mM CaCl,, 2 6 mM MgCI, and 10 mM 
Tns-malate buffer adjusted to pH 7 5 Stock 
solutions of the local anesthetlcs, procaine hydro- 
chloride, hdocame hydrochloride and tetracame 
hydrochloride (Sigma), the pyrldme analogues, 
pyrazmamlde, 3-acetyl pyrldme and mcotmamlde 
(Sigma), and 11 th a o er possible stunulants were 
prepared dally or as requn-ed m the neural bathing 
media Tracer studies were performed with a 
2,6-dlchlorophenolmdophenol sodium salt (DC- 
PIP, Sigma) dye solution m deionized water 

Apparatus 
A schematic diagram of the experunental set- 

up IS shown m Fig 3 The specially designed 
plexiglass cell was constructed to fit on the me- 
chamcal stage of a BloStar 1820 (Relchert-Jung) 
inverted blologlcal microscope The microscope 
was capable of a maximum magnification of 450 
x A video unit attached to the mlcroscope 
consisting of a Hitachi VK150 colour video cam- 
era connected to a Sony Trmltron color video 
monitor extended the maximum magnification ca- 
pablhty to 1700 x , thus allowmg visualization of 
the sensory aesthetascs and nerve fibers The 
video images were stored on video tape using a 
JVC HR-D66OU video cassette recorder for sub- 
sequent photography with a Chmon CM-7 35-mm 
camera 

The cell consisted of a circular chamber of 2 
cm diameter, surrounded by a water Jacket for 
temperature control The bottom of the cell was 
lined with a Sylgard 184 (Dow Cornmg) elas- 
tomer for the pmnmg of the preparations The 
flow mto and out of the cell was controlled by the 
same peristaltic pump (Ramm) The bathmg solu- 
tlon was introduced and removed through two 
ports located approximately 2 mm from the top of 

the chamber (total depth of 12 mm) and 45” to 
each other The outlet tubing was of a larger 
diameter than the inlet m order to mamtarn a 
constant operating volume m the cell Test solu- 
tions were introduced via a four-way valve 
(Rheodyne) equipped with a 0 25-ml sample m- 
Jectlon loop located 20 cm from the inlet port 
Reference and ground wires were inserted mto 
the cell and connected to a Grass P-15 phyaolog- 
lcal preamplifier Glass micropipettes were pulled 
to approximately 25 pm taper (Nanshlge PP-83 
glass mlcroelectrode puller) and flame polished 
by rapidly passing through the flame An 
Ag/AgCl electrode was inserted mto the ml- 
croplpette and posltloned m the holder (E W 
Wright) and then placed m the mlcromampulator 
(Nanshlge) and connected to the preamplifier 
The amplifier output was momtored on a Sony 
Tektromx 314 storage oscilloscope and also fed 
mto one channel of a Yamaha KX-W9OOU stereo 
cassette deck for storage on audio tape A mlcro- 
phone enabled an oral account of the experiment 
to be recorded on the other channel of the audio 
tape and speakers attached to the stereo cassette 
recorder allowed aural momtormg of action po- 
tential fnmg Data analysis was accomphshed by 
feeding the stored data mto a wmdow dlscnmma- 
tor and digital event counter (Newark Electron- 
ics) for frequency counting Stored data was also 
fed mto a Macintosh SE computer via a MacIn- 
struments data acqmsltlon package (G W Instru- 
ments) allowmg the computer to function as a 
storage oscilloscope 

Procedures 
The freshwater crayfish P clarkzz could be 

conveniently captured m the Manoa stream lo- 
cated on the university campus The first perelo- 
pod of the crayfish was excised at the lschmm- 
merus Joint, placed on a microscope slide and 
submerged m a drop of neural solution The hard 
carapace and connective muscle were removed 
from the merus and carpus portlons of the walk- 
ing leg to reveal approximately 1 cm of nerve 
fibers The whole preparation consisting of the 
propopodlte and dactylopodlte pmcers and the 
nerve bundle was pinned mto the cell, mounted 
on the microscope mechanical stage and con- 
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netted to the flow hnes Oxygenated neural saline 
solution was circulated through the cell at all 
times m an effort to Increase the viable hfetnne 
of the sensmg system The Ag/AgCl pickup elec- 
trode was posltloned Hrlth the mrcromampulator 
to gently contact the nerve fibers and mild suc- 
tion was applied to the back of the micropipette 
to fill the electrode with electrolytic fluld and 
establish good electrical contact with the nerve 
fibers Spontaneous action potential firing of the 
nerves was then momtored on the oscilloscope 
(and over the speakers) to ensure good electrical 
contact and to check the vlablhty of the nerves 
The inJection of the various analytes was carried 
out and the frequency of action potential firing 
monitored If no response was observed the elec- 
trode was reposltloned and the process repeated 

Frequency of action potential firing (spike fre- 
quency) was momtored by counting the number 
of events falling m a set time period, usually 8 s, 
with the window dlscrlmmator and event counter 
Background (spontaneous) firing frequencies were 
also counted and subtracted from the response 
frequency Dose-response curves for pyrazm- 
amide were obtained by mJectlon of serially dl- 
luted stock solutions always commencmg with the 
least concentrated to mmlmlze receptor satura- 
tion, adaptational effects and nerve damage by 
this toxic stnnulant The dose-response curves for 
pyrazmamlde were constructed by plottmg the 
maximum firing frequency versus concentration 
Inhlbltlon cures for the LAS were obtained by 
mJectlon of mixed solutions conslstmg of a con- 
stant pyrazmamlde concentration, to ehclt action 
potential fumg, and variable LA concentrations 
The mhlbltlon curves were constructed by plot- 
tmg the decrease m the maximum pyrazmamlde- 
induced firing frequency, or the decrease m ac- 
tion potential amphtude, versus concentration 

Tracer studies were performed by 1nJectlon of 
1 mM of DCPIP into the chamber usmg delon- 
lzed water as the carrier Samples of 50 ~1 were 
taken at Intervals after the mJectlon of DCPIP 
from the centre of the chamber and at the side of 
the chamber where the walkmg leg pincers were 
normally pmned The samples were diluted to 0 5 
ml with deloxuzed water and their absorbance 
measured at 600 nm on a Milton Roy Spectromcs 
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1201 spectrophotometer The concentration was 
expressed as a percentage of the maxunum con- 
centration attamed m the center of the chamber 
and related to the InJected concentration by hn- 
ear extrapolation Standard solutions of DCPIP 
were also prepared and their absorbance meas- 
ured to ensure that the Beer-Lambert law was 
obeyed over the concentration range used 

RESULTS AND DISCUSSION 

Tracer m&es 
Tracer studies of the bathing cell using the dye 

DCPIP were performed m order to investigate 
the mwng process m the chamber and the rela- 
tionship between the inJected concentration and 
the maximum concentration reached m the cham- 
ber Tracer studies are also helpful m determm- 
mg the washout time of the stimulant At the 
h mBx for DCPIP (600 nm) an Ed of 16000 M-’ 
cm-’ was calculated from the linear absorb- 
ante-concentration curve for DCPIP concentra- 
tions up to 0 1 mM (n = 6, r* = 0 9999) Sampling 
of the tracer solution was from a point m the 
center of the chamber where the nerve fibers 
were pinned and electrode contact with the nerve 
fibers was normally achieved and also from a 
posltlon at the side of the chamber 90” from the 
inlet where the crayfish pincers that contam the 
chemosensory aesthetascs were normally pinned 
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Fig 4 Time course of Injected DCPIP m the cell at samphng 
posItions m the center of the cell (+I and 90” from the mlet 
(0) 
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The time course of the injected dye solution at 
both samplmg posltlons m the chamber 1s shown 
m Fig 4 The zero tune indicates the tune at 
which the sample mjectlon loop was opened, thus 
explammg the 14-s time lag between mjectlon 
and increase m response Thus figure shows that 
little variation 1s seen m the time profile of the 
dye solution between the two different sampling 
posltlons, demonstrating the good mlxmg 
achieved m the chamber The maximum m the 
response profile IS attamed approxtmately 35 s 
after inJection of the tracer dye The actual maxi- 
mum concentration achieved m the cell was cal- 
culated, by linear approxlmatlon, to correspond 
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to 13% of the injected dye concentration All 
subsequent concentration values for pyrazm- 
amide and the LAs refer to the mjected concen- 
tration unless otherwise spectied From Fig 4 
the washout tune required to remove all traces of 
the dye from the chamber was determmed to be 4 
mm 

Pyrazznamzde detectwn 
Action potential fn-mg can be induced m re- 

sponse to a depolarrzmg stnnulus Tlus stimulus 
may be electrical (a depolallzmg voltage or cur- 
rent pulse) or chemxal (mJectlon of a receptor 
agomst) m this study we utilize the potent stlmu- 

a 

I I I I I I I I I 1 I 

4 8 9.6 14.4 19 2 24 0 28.8 33 6 38 4 43 2 48 0 52 8 
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1 I 1 I I I I I I I I 

4 8 9 6 14 4 19 2 24 0 28 8 33 6 38 4 43 2 48 0 52 8 

Fig 5 Smgle-umt (a) and multi-unit (b) response data recorded at different crayfish walkmg leg nerve fibers in response to the 
mJectlon of 5 x 10W4 M pyrazmamlde The data are shown as vlewed w&h the Maclnstruments data acqulsltion software after 
amphficatlon and dlgltlzatlon 
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lant pyrazmamlde to elrclt action potential fnmg 
m the nerves for the detection of nerve block by 
the LAS The response of the crayfish antennular 
receptrode to this stnnulant has been well charac- 
temed by our group [ll] The apphcatlon of the 
chemoreceptors located m the first perelopod of 
the crayfish to the detection of pyrazmarmde 1s 
investigated m the following section Propertles 
of this pyrldme chemoreceptor agonist which are 
favorable to its use as a stnnulus for the detectlon 
of the LAS are also mvestlgated 

As previously reported [6-111 there are two 
types of response patterns that can be obtained 
with the extracellular recording techniques used 
m this study, the so-called multi-umt and smgle- 
umt response patterns These two response pat- 
terns are dlustrated m Fig 5, which depicts the 
response (after amphflcatlon and dlgxtlzatlon) ob- 
tamed at the crayfish walkmg leg upon mjectlon 
of 5 x 10e4 M pyrazmamlde Multi-unit data 
consists of action potentials firing at various am- 
plitudes m response to the stnnulant Thus is 
because the pickup mlcroelectrode is normally m 
contact with several nerve fibers and the action 
potential amplitude detected 1s dependent on the 
seal between the mlcroplpette and the nerve fiber 
If only one nerve fires m response to injection of 
stimulant then a smgle-unit response pattern IS 
observed, as shown m Fig 5a The analysis of 
smgle-unit data 1s simple, relymg on the window 
dlscrmunator to ehmmate noise and the event 
counter to count the frequency of fnmg m re- 
sponse to stnnulatlon applrcatlon Multi-unit re- 
sponses are more dlfflcult to analyze, requiring 
careful conslderatlon of the window for dlscrrml- 
nation of unwanted signals 

As discussed previously, an increase m the 
action potential firmg frequency results from an 
inJectIon of a chemoreceptor agonist A typlcal 
lag time between mJectlon of pyrazmamlde and 
the onset of increase m action potential firmg of 
45-60 s was seen, with the firing frequency reach- 
ing a maxnnum approximately 15-30 s later The 
lag time between maxnnum cell concentration 
(determined to be approximately 35 s after mJec- 
tlon, from tracer studies above) and maxnnum 
fxmg frequency attamment may be attnbuted to 
the dlffuslon of the stimulant through the aes- 

i a I 
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Fig 6 Dose-response curve obtalned at the crayfish wallong 
leg for pyrazlnanude 

thetasc pore to reach the chemoreceptwe den- 
drites, this lag has been reported previously for 
the detection of pyrldme analogues at the cray- 
fish A torrenturn walkmg leg [12] The maxnnum 
fn-mg frequency has been shown to be related to 
the concentration of applied agonist [61, allowing 
a dose-response curve of maximum fuxng fre- 
quency versus agomst concentration to be con- 
structed for pyrazmamlde detectlon at the cray- 
fish walkmg leg A typlcal dose-response curve 1s 
shown m Fig 6 This curve Indicates that an 
increase m fmng frequency over background fir- 
mg 1s observed for mjectlons of pyrazmamlde 
concentrations above 1 X 10m5 M The dose-re- 
sponse curves show linear responses for concen- 
trations ranging from 1 X 10m4 M up to 5 X 10V4 
M A response plateau is reached at concentra- 
tions above 5 x 10e4 M, possibly mdlcatmg re- 
ceptor saturation The dose-response curves ob- 
tamed at the crayfish walkmg leg are snmlar to 
those reportedly obtained at the crayfish anten- 
nule [ll] In that study a drfferent ccl1 configura- 
tion was used which involved a flow mjectlon type 
system with mmrmal ddutlon of inJected agomst 
If the walkmg leg dose-response curves are cor- 
rected for stnnulant dllutlon m the cell system 
utlhzed m this study (vlde supra) an ED,, value 
(concentration of half-m-al response) of ap- 
proxunately 2 8 x lo-’ M 1s obtained Thus ED,, 
value 1s close to that obtained at the antennular 
receptrode [ 111 mdlcatmg the homogeneity of this 
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chemoreceptor response from structure to struc- 
ture 

The crayfish pyndme-sensitive umts also re- 
spond to other pyrldme analogues and a detailed 
study of the structure-activity relationship of this 
receptor m the walking legs of the A forrenaum 
crayfish has been reported [12] The order of 
potency for the three pyrldme based stimulants, 
pyrazmamlde > 3-acetylpyrrdme > mcotmamlde, 
tested m this study at the P clurku walking leg 
was slmllar to that at the A torrentturn walkmg 
leg The selectlvlty of the pyndme-senwtme units 
in the walking leg of P clurku for pyrldme ana- 
logues was investigated by injecting solutions of 
other possible stimulants This included mJectlons 
of neurotransmltters, excitatory ammo acids, hor- 
mones, essential ammo acids and other possible 
food markers No response at the pyndme-sena- 
tlve umts for any of these solutions was observed 
mdlcatmg the high selectlvlty that can be achieved 
with the chemoreceptor-based blosensor 

From the dose-response behavlour of pyrazm- 
amide at the walkmg leg chemoreceptor, a pyrazl- 
namlde concentration of 5 x 10e4 M was selected 
to elicit axonal action potential firing m order to 
detect channel block by the local anesthetlcs 
This concentration stimulates the maximum fnmg 
frequency response while mmmnzmg the nerve 
polsonmg that can result from 1nJectlons of this 
toxic drug The reproduclblhty of repeated mJec- 
tlons of this concentration of pyrazmamlde was 
mvestlgated to ensure ample time was allowed for 
recovery of the nerves between mnJectlons and to 
assess the workmg hfetrme of the sensor for the 
detection of the LAs The time profile resulting 
from repeated mjectlons of 5 x lop4 M pyrazl- 
namrde IS shown m Fig 7 In this study a lo-mm 
rinse tune between mJectlons was utdued as 
shorter rinse times resulted m a rapid desenntl- 
zatlon leading to a decrease m fnmg frequency 
maxnna with each successive mjectlon Figure 7 
demonstrates the reproduclblhty of the blosensor 
for repeated pyrazmamlde mjectlons Slight van- 
atlons m the firing frequency maximum occur 
over the first 9 mnJectlons, yielding a mean firing 
frequency maxnnum value of 71 spokes s- ’ (rela- 
tive standard deaatlon of 10%) The decrease m 
the maxnnum firing frequency with subsequent 
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Fig 7 T&me profile of the neuronal flrmg frequency m re- 
sponse to repeated mJectlons of 5 X 10m4 M pyrazmamlde 

mjectlons may be attributed to nerve damage 
caused by the repeated mJectlons of the toxic 
pyrazmamlde and/or by nerve damage resulting 
from the stress associated with the suction micro- 
electrodes Adaptational events also contribute to 
the observed decrease as seen m Fig 7 from the 
resulting slight recovery m the fumg frequency 
maximum upon increasing the rinse time to 20 
mm The operating hfetlme of the blosensor can 
thus be assessed to be limited to approximately 2 
h An improvement m the viable hfetlme of the 
dissected nerves by mcubatlon m oxygenated 
saline solution, to approximately two days has 
been achieved [23] However, extension of the 
operatmg hfetlme of the system using the current 
invasive mlcroelectrode detection procedures has 
not been achieved 

Local anesthetic detectwn 
The detection of the LAs can be achieved by 

morutormg the decrease m elicited excltabdlty of 
the nerves upon mJectlon of increasing LA con- 
centrations Momtormg the decrease m sponta- 
neous background firing of the nerves upon mJec- 
tlon of the LAs proved unfeasible because of the 
low rate of spontaneous firing and the vanablhty 
m fn-mg frequency wlthm and between nerve 
populations Response curves were generated by 
momtormg the decrease m neuronal actrvlty, as 
described below, upon mjectlon of mixed solu- 
tions of the stnnulant, 5 x 10e4 M pyrazmamlde, 
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and the LA Rinse tnnes of 10 mm were normally 
allowed for the recovery from block by the nerves 
except for concentrations of LA higher than 1 X 
10V4 M, when longer rinse tunes were reqmred 

Two data analysis procedures were adopted 
for the construction of mhlbltlon curves for the 
LAs at the crayfish walkmg leg, depending on the 
type of response ehclted by mJectlon of pyrazm- 
amide For the smgle-umt data response patterns, 
mhlbltlon curves could be constructed from the 
decrease m the detected compound actlon poten- 
tial amplitude with increasing IA concentration 
This decrease 1s a result of the Increasing block of 
axonal sodmm channels Hrlth increasing LA con- 
centration Inhlbltlon curves for the local anes- 
thetics hdocame and tetracame constructed m 
this manner are shown m Fig 8 For the multi-unit 
response patterns It was dlfflcult to resolve the 
respondmg nerve action potential spikes from 
each other and the background, thus a different 
data analysis approach was devlsed Using the 
wmdow dncrnnmator, a cut-off action potential 
amphtude was selected and all of the action po- 
tential spikes falling wlthm the window were 
counted Upon mJectlon of mcreasmg concentra- 
tions of the LAS an increasing proportion of the 
action potential spikes fad to reach the mmlmum 
amplitude required to be counted Thus mhlbl- 
tlon curves, slmllar to those obtained from the 
smgle-unit response data, can be constructed from 
the decrease m the fu-mg frequency maximum 
with mjectron of mcreasmg LA concentrations 
Inhlbltlon curves for procarne, hdocame and te- 
tracame analyzed m this manner are presented m 
Fig 9 The response curves are affected by the 
choice of the dlscrlmrnatlon wmdow and this 1s 
reflected m the varlablhty of the results from 
preparation to preparation Other factors, such as 
differences m nerve fiber diameters [24] and the 
use-dependent blockmg properties of the LAs 
[15-D] may also contribute to the varlablhty m 
mhlbltlon curves from nerve to nerve 

From Figs 8 and 9 IC,, values of approxl- 
mately 2 X lO-‘j M for both hdocame and tetra- 
came and 5 X lo-’ M for procaine can be deter- 
mined The relative blockmg potency of the LAs 
has been shown to be related to the pH of the 
bathing solution and also to the relative hy- 
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Fig 8 Inhlbltlon curves constructed from the decrease m 
actlon potential amphtude upon mlectlon of increasing con- 
centratlons of the local anesthetlcs hdocame (a) and tetra- 
came (b) The response ratlo 1s the ratlo between actlon 
potential amphtude obtamed upon mJectlon of pyraz~- 
nannde/local anesthetlc nuxed solutions and the actlon po- 
tentlal amphtude obtamed for mjectlons of pyrazmamlde 
alone See text for further detads 

drophoblclty of the LAS [15-181 Because both 
hdocame and tetracame have lower pK, values 
than procaine, a higher proportlon of these drugs 
will exist m the more potent neutral form thus 
explammg their relative potenaes The slmllar 
potency of actlon between tetracame and hdo- 
came even wth the differences m pK, values can 
be attributed to the more hydrophobic nature of 
tetracame thus allowmg this LA to interact with 
the channel to the same extent as hdocame In 
fact other workers have reported on the higher 
potency of tetracame with respect to hdocame, 
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Fig 9 Inhtbltlon curves constructed from the decrease m the 
firmg frequency m response to stimulant mjectlon upon mjec- 
tlon of Increasing concentrations of the local anesthetics pro- 
came (a), hdocame (b) and tetracame (c) The response ratlo 
IS the ratlo between the finng frequency obtained upon uyec- 
tlon of 5 X 10e4 M pyrazmamlde/local anesthetic (vanable 
concentration) mured solutions and that obtamed upon mjec- 
tlon of 5 x 10m4 M pyrazmamlde alone See text for further 
details 
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with the relative potency of the three local anes- 
thetics mvestlgated m these studies, based on 
voltage-clamped frog nerve preparations [ 181 and 
competitive bmdmg of the LAs with radio-labelled 
batrachotoxm at sodium channels m a vesicular 
preparation from guinea pig cerebral cortex [22], 
determmed to be tetracame > hdocame > pro- 
came The dlscrepancles between the previously 
reported potencies and those reported here may 
be attnbuted to the above mentioned variables 
and also to the different detection methods and 
preparations utdlzed m these studies Future re- 
search mto the apphcatlon of intact receptors for 
the detection and activity assay of channel block- 
age m order to Improve the procedure IS dls- 
cussed below 

Conclusion 
This report demonstrates the utlhty of the 

chemoreceptors based m the walkmg leg of the 
crayfish for the detection of the antltubercular 
drug pyrazmarmde This drug has been shown to 
elicit a potent reponse at the walking legs of the 
crayfish The properties of the response for 
pyrazmamlde have been utlhzed for the develop- 
ment of a novel detectlon procedure at the walk- 
mg legs This procedure demonstrates the utlhty 
of the chemoreceptor-based sensing system for 
the novel apphcatlon of the detection of local 
anesthetic induced channel blockage As the nerve 
blockmg properties of the LAs IS related to their 
pharmacological activity this procedure has an 
added application m the possible screening of 
new local anesthetics Although there are several 
problems with the current procedure, such as 
hmlted hfetlmes, varlablhty of results and the 
tedious experimental procedures, future dlrec- 
tlons m this research could lead to a viable sensor 
for the LAs and a simple non-isotopic screening 
assay for the channel blockmg actlvrty of drugs 
Future work m this laboratory will focus on the 
use of electrical stlmulatlon of the nerve fibers 
for detection of nerve block and on further possl- 
ble procedures for the extension of the operating 
hfetlmes of the chemoreceptor-based blosensors 
Pronusmg posslbdltles m this dlrectlon Include 
the use of altematlve detection methods to the 
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invasive mlcroelectrode techniques, such as volt- 
age-sensitive dyes and the detection of the blo- 
magnetic field surroundmg the nerve fibers upon 
stimulation of action potential firing 

The assistance of D WlJesurlya IS acknowl- 
edged Fmanclal support from the National Scl- 
ence Foundation IS gratefully acknowledged 
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